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Spectrographic Studies of Pyrotechniec rflaves (!0I~L0-Re2a-~L00=3)

The lebaratory wes requested to develsp a pyrotechnie comuposition
vidch during pwrning wculd emit radiations wldch are not present
in soliar radiations at an altitude of 60,000 fect, Atmospheric
ozone at al*itudes above 60,000 faet aoacrbs radiations of less
than 2900 A, It would be Amprectical to consider vavelengths of
1282 than 2709 A because cf atmosgphsric scattering, For theso
rzascna, attc pte were nade to develop compositions which would
provide radiant cnergy in the 2700-21/0G9 A wavelength region.
Seweral. cornesitions viere prepared and spectrographically examined
for ultra violet csosntent, though incandescent particleos in ths
pyratachrnic fiazes of soveral compositions produced radiation
contimuma whict. extended %o the dssived spesctrum region, the
t~tal avaiiablz energy in this region was found to be exceedingly
szall, Attenpitt 4o incrvase the radiant energy in the 2700-2905 A
wevelength resi:n by excitation of melecular band spectra were nod
suecagaful,

This nuanoruani:n is bages on experinental work carried out Jointly
by represoauaiivcs of the ymmunition and Physical Opties Uivasicns
Tl.a data and conclusions reprasent the best judgment of these
divisions &b tris tire,

(2) Buord ltr. to UOL File 1IP51(Re2a) dated 22 June 1948, 10L
File ;IP51/578-1(6~152)

\9) Tearss, i.V.B. and Caydon, A.G. "The Idsnsification of
Yolecvlar Spectra’ Chepman & Hall, London, 1541,

(A) fTadble I, Tatls IT and Table IIT,

(3) olates I through ilate V,
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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibillity, nor any
obligation whatsoever; and the fact that the Goverm-
ment may have formlated, furnished, or in any way
supplied the said drawlngs, specifications, or other
data is not tc be regarded by implication or other-
wise as 1n any manner licensing the holder or any
other person nr corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be reiated
thereto.



1, Referenca {a) rzquested the laboratory to develop a burning
typs pyrotechnic comrosition which would provide a high level of rad:;
energy in that region of the spectrum from which all sclar radiation is
abscrbed by the earth's atmosphere ahove 60,000 feot, In arder for a
pyrotechnic compogition to neet the above requ:rements,‘ an appreciable
porticn of the radiant energy enitted from a burning composition siculd
fall in wavelongths of less than 2900 A, Solar radiant energy of less than
2900 A is absorbed at altitudes above 60,000 feet by atmospheric ozome.
Another practical limitation is imposed by the atmospheric scattering of
radiant onergy of wavelengths less than 2700 A. Therefore, the mvestz-
-gatdon of pyrotcchnic compositions which during burning emit radia
in the %avelength rp;,ion of 2700-2900 A appeared to be the rost deqirable
approach, the transmission in this region under optimun ccnditioms is
appraoxinately LO% p.'-:r nils compared to 60} per mile for visible radiasione

2, The spactra of pvrotechnis flames consist of superimpossd line,
band and continucus apecira due to atoms, nclecules and incandascent
particies, Incandescaent particles in pyrotechnic flares produce a rediation
contismmum somewhat similar to that prodused by black body radiatops,
Because the temperatiies of pyrotechnic flames rarely exceed 3000 K, ths
energy obiainsd from incandescent particles in the 2700=2900 A wavelsngth
region normally will not be nore than 001 percent of the total energy. °
The enorgy in this regiocn can be increased by excitation of molecular -
band spectra, The available excitation energies are determined by the flame
tenperaturos and therefore in conventional pyrotwchnic flames are limited
to a few electron volts, Iiecause of the temperature limitations, the
desired band specira must crise from trangitions between a few of the
lovier levels of the nolccules, the lower level being the ground state and
the upper level not mr:'pﬂ')nn 2 for olostron _‘-:‘J-bsq

3. A survey of molccular erission specira was undertalen to determine
possibls pyrotechnic formulations which night produce the desired radiations.
Reference (b) indicated that if sufficient excitation encrgy was available
in a flame containing boron oxide (B0), phosphorous oxidse{P0), =ilicon
axide (3i0) or sulfur (S,), band spectra in the desired wavelength region
would be produccd, Tab]e I of enclosure (A) lists the desired molecular
emuter'a , the band spectra and the excitation energy of sach enitter,

L4,  The formulaticns of the experimental compositions investigated
are shown *n Table IT of enclosure (A}, which also indicates the desired
molecular enitter from eech pyrotechnic ccopositien, It should be noted
that every attenpt was rade te obtain nlgh flarie temperatures with a
burning rather thar an explosive mixtu For this reason thc percantage
of magnesium in the godium nitrate mixi "'eo wvas kept low, tilax was used
as a binder and also ag 2 neang of increasing the burning tims of the
prossed pellets, The grephite facilitated the pressing of the compogitions
into conpact pellets,

s - 2w HOLY 10619

L
C
3

-
-’

.



So The radiation Crom the turning flares was recorded by means
of a Bausch and Lomb medium quartz spectrograph. Ths spectiograns
obtairsd are showm in Plates I through Plate V of enclosure %), 1In-
formation regarding each s wiixrogran i3 found in Table III of enclousure

(A}

Go .3 discusscd in paragroph 2, centimia were obtaired with line
and bend apoctra supsrirposed, Tie continuum shown in plate IV, Figure
1 extends %o approximately 2700 A. Seif reversal of the 2852 A magnesim
line (Plats IV} indicates vhat excitation energies of at least I3
election volits viere produced. Attenpis to produce radiation in tha 2700~
2900 A wavelength region by cxeitation of nolecular band spectra were not
guccessiul,

Tre It can be concluded that the radiant energy cblainabile in the
short wavalength reglons cof the spectrum is gppreciably limited by the
flame terperature of the Wuening pyrotechnic compositiong, It is folt
that it wvould be useless to investigate additionsl flare compositions until
the high level radiant cneiyy requested by reforence (a) is defined., It
is believed that a prastical definition could be obtained by deternmining
the minirum cnergy in the desired wavelength region which would mect the
tactical iequirenents of proposed receivers,

8. Thisg réport Zorminates the weorl which has been undertsicen in
connzetion ith the project, establishied by reference (2),

L. Lelicgo

. He Viinger
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Table I (Enclosurs (A)

Desired !lolecular Cmitter Bxecitation Tnorgy Band Spectra (A)
(Flectron volis)
Boron Oxide (BO) 5e29 3493-2203
Phosphorous Oxide (PQ) 5.0 2721-2288
- S41icon Oxide ($i0) 5.26 2925-2..76

Sulfur (82)

92 6300=2:CC

Table IZ (Enclosure (A)

Coriposition Desired
flumber Formulation (& by w.t,) ‘Eritter
lallog-60;5 3-ho BO
2 112al109=08,5031¢-6,35 3 P=13 . i37/AX=6,853 PO
Grapgite L1 ,
3 Ha'.103-6h;lfg~12.8;51e12.8;‘-‘:1\}{-6;5;(‘:raphite 3.9 S0
4 11all04~70;1-30 BO
5 11al103~50311z103Casi=1031-22; AX~5 sGraphite 3 $10 and BO
6 Iimi03—50;!7glo;Si-lO;B-ZZ;".’AX 5s Graphite 3 510 and BO
? NalNC4-5041 -5 yP-10, =27 ;1 AK=5 iraphite 3 BO and PO
8 NallOg=603112=1.8,33P~1237/AX 63 Gradhite 3.7 PG
9 z;a(ri03)2-51.6;xr,r;u36o2;'0ass.n3.1;A1-2.1;?mx 7 £i0
10 Forrmla 9=907;P=107 PO
1n Farrmla 9-90%35i~10/3 $i0
12 Formula 9-90735-107 Sy
13 BO
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Table III (Enclosure (A)

Plate lumber Figure lumber Composition
{3e¢e Zuclosure (B) (See linclosure (3) Humber Ixposure Time
(See Table I1)  (Seces.)
I 1 1 15
I 2 2 15
4 3 3 1
1T 1 L 2.5
11 2 5 5
TI 3 6 9
11X 1 7 2.5
137 2 & 12
v - 1 9 15
Iv 2 10 8
v 3 11 10
7 i iz 10
v 2 i3 19
COITFINENTIAL
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